In this article we review the role microtubules (MTs) have been conjectured to play as a substrate for information processing and signaling mechanisms in the brain at a sub-cellular level. We discuss their structure, known biophysical functions and theoretical predictions related to signaling, conduction and transport, all of which may contribute to pre-conscious processing at a molecular level. Major criticisms of microtubule information processing based concepts of cognitive brain function are examined, and the progress in work addressing these issues is also discussed. It is concluded that the question of whether any of these processes operate at a quantum level is still open to debate and speculation.
MTs may be at the center of information/signal processing in the brain's neurons.
Historical Background
Almost since the inception of the quantum theory of matter in the early part of the last century it has been suggested that its unique properties play an important role in life processes.
Perhaps the first attempt to describe the brain using the terminology of quantum physics was made by Ricciardi and Umezawa (Ricciardi, 1967 (Stuart, 1978 (Hameroff, 1982; Delgiudice, 1986) . Anesthesiologist Stuart
Hameroff investigated many of these relationships between molecular biology, computers and future ideas of nanotechnology in a book dealing with the co-evolution of consciousness and technology (Hameroff, 1987 (Jibu, 1995) . In their theory, the QBD system, to donate electrons to the system thus augmenting consciousness (Snyder, 1965) .
MTs and Information Processing

How do MTs Process Information?
In models of microtubular information processing, the basic computational unit is measured, it will be found to be 0 with probability |c 0 | 2 or 1 with probability
. This is the reason for the constraints on the complex coefficients of a superposition: the probabilities must add to one. The reduction process will therefore occur whenever one actually reads out a result from a quantum computer.
Models of MT Information Processing
The method of cellular automata is an example of a discrete model and has been than information processing (Brown, 1999; Trpisova, 1996) , and that MAPs affect the signaling and information processing of MTs (Trpisova, 1996) One of the strongest criticisms of these MT models is that for such systems to work it must be shown that the electromagnetic interactions among the tubulin dimers are capable of overcoming decoherence resulting from the noise associated with the thermal environment (Tegmark, 2000) . While the timescales for thermal decoherence of quantum states in MTs have been debated (Hagan, 2002; Rosa, 2004) 
Summary and Outlook
In this article we have discussed the 
